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The present invention relates to a dynamic slice level detector. More in 
particular, the present invention relates to a detector for detecting a binary signal, provided 
with circuits for dynamically a^'usting the slice level. 

The two signal levels of a binary signal are usually referred to as *liigh'* and 
"low" and may represent a logical «1" and •'0" respectively. The '"high" level may correspond 
to a signal level o^ for example, +5V while the "low" level may correspond to a signal level 
of, for exaniq>le. -5V or ground i.e. 0 V. When recovering a transmitted binary signal, it has to 
be decided which signal portions are high and which are low. To this end, a threshold level is 
usually set approximately halfway between the high and the low signal levels. Any signal 
level exceeding this threshold or "slice level" is considered to represent a high level, 
otherwise the signals are categorized as low. 

Li the presence of noise it is possible fliat errors are introduced. Noise peaks 
present in the low level signal portions may exceed the sUce level so as to incorrectly cause a 
high level to be detected, and vice versa. 

United States Patent No. 4,707,740 discloses a sync detector for lecoveiing a 
sync signal from a video signal. A sUce level signal is adjusted during a low level ("sync tqi") 
portion of the video signal. To this end, a noise detector provides an output representative of 
the average noise during this low level signal portion. This noise detector output is used to 
generate a positive sKce level oflfeet during the low level signal portions and a negative o^et 
of the same magnitude during the high level signal portions. As a consequence, the sUce level 
offset during the high level signal portions is not based on the actual noise or signal level in 
those portions but on an estimated level. This may give rise to detection errors, lii addition, 
this Prior Art arrangement is not suitable for differential signal processing. 

Accordingly, the present invention provides a detector for detecting a 
differential binary signal having a first signal level during a first period and a second signal 
level during a second period, the detector coniprising: 

- an ampUtude detection circuit for producing an amplitude signal indicative of 
the anq)Utude of both the first and the second period of the binary signal. 
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. a sUce level detection circuit for producing a sUce level signal indicative of 
the average slice level to be applied to the binary signal, 

- an output circuit for outputting the detected binary signal, 

- an offset circuit for producing a sUce level offeet signal in response to the 
5 outputted binary signal, the sUce level signal and the ampUtude signal, and 

- a level shift circuit couple d to the output circuit for level shifting the binary 

signal in response to the slice level offset signal, 

wherein said circuits are coupled so as to detect the differential binary signal 
using a first sHce level during the first period and using a second sUce level during the second 
10 period, and wherdn all said circuits are differential circuits. 

By using the anq)Ktude signal of both the first and the second signal levels, a 
sUce level offset signal is produced, which reflects the actual signal and noise levels in both 
levels and thus more accurately detennines the offset of the sUce level. This in turn decreases 

the number of detection errors. 
j5 By using differential circuits, such as a differential sUce level detection circuit, 

a differential ampHtude detection circuit, a differential output circuit, a differential offset 
circuit and a differential level shift cireuit, it is possible to process differential signals all the 
way down. 

Advantageously, the detector of the present invention may further comprise a 
20 first additional level shift circuit coupled to the ampUtude detection circuit and/or a second 
additional level shift circuit coupled to the slice level detection circuit. 

Preferably, the detector fimher conqwises a decoupling drcuit for decoTq)ling 
the binary signal prior to feeding it to the othw cucuits. Such a decoupling circuit may 
consist of a single capacitor connected m series to each input tenninal. 
25 The present invention also provides an offeet drcuit for use in a detector as 

defined above, the offset circuit comprising: 

- a first differential amplifier for processing the detected dififerential binary 

signal, and 

. at least a second differential amplifier for processing the sUce level signal 

30 and its inverse. 

Further differential ampUfiens or non-differential ampUfiers may be present in 

the ofiset circuit To allow a rapid change of signal levels it is prefenred that the amphfiers 

comprise bipolar NPN-transistors. 
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The detector 1 shown merely by way of non-limitmg example in Fig. 1 
comprises input terminals 10 for receiving the binary signal Vin having mutually in anti- 
phase components I and Q. First, second and third level shift circxiits 6, 7 and 8 are connected 
15 to the icqput teraiinals 10 via decoupling c^acitors 9. The outputs of the first, second and 



third level shift circuits 6, 7 and 8 are connected to an amplitude detection circuit 2 for 
producing an amplitude signal indicative of the amplitude of the binary signal, a slice level 
detection circuit 3 for producing a slice level signal indicative of tiie average slice level to be 
BppHed to the binary signal, and an output circuit 4 coupled to ou^ut terminals 1 1 for 
20 outputting the detected binary signal, respectively. The output circuit 4 is in the embodimmt 
shown constituted by a limiter circuit 



producing a slice level offset signal in response to the detected binary signal, the amplitude 
signal and the slice level signal. To this end, the outputs of the amplitude detection circuit 2 

25 and the slice level circuit 3 are coupled to the offset circuit 5, as are the outputs of the output 
circuit (limiter) 4. This allows the offset circuit 5 to produce a slice level offset signal which 
takes the detected binary signal into accoimt and which may therefore vary in accordance 
with the signal period: the slice level is preferably lowered when the signal level is higih and 
raised when the signal level is low. This is effected by level shift circuit 6 which level shifts 

30 the binary signal in response to the slice level ofi&et dgnal and tiius of&ets the slice level 
relative to the signal level. 



differential circuits, that is, they are enable of processing a diff^ential signal. The resistors 
R1-R4, in conjunction with the associated transistors T1-T20 which control the currents 



In accordance with the present invention an of&et cucuit 5 is provided for 



In the embodiment of Fig. 2, all said drcuits 2, 3, 4, 5, 6 are implemented as 
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through these resistors R1-R4, constitute the level shift circuits 6, 7 and 8, encircled by 
broken lines. As can be seen, transistors T1-T8 and T9-T16 constituting first and second 
diff^r^tial amplifiers are used for this purpose. 

The NPN bipolar transistors T1-T8 form the level shift circuit 6 OFig. 1), 
5 constituting first dififerential an:q)lifiers. The emitters of the transistors Tl, T3, T5 and T7 are 

6emected4o-a-fiistenntteiu» nnection point 20 . Likewise. i be emitters of the transistors T2, 

T4, T6 and T8 are connected to a second emitter connection point 21. The bases of the 
transistors Tl, T2, T7 and T8 ate connected to each other and form a first base connection 
point 22. The bases of the transistors T3, T4, T5 and T6 are connected to each other and form 

10 a second base connection point 23. The collector of transistor Tl is coupled to the collector 
of transistor T4 and, by a decoupling capacitor 9, to the bspvA terminal Q of Ihe circuit. The 
collector of transistor T2 is connected to the collector of transistor T3 and, by a decoiq)ling 
C8?)acitor 9, to the input terminal I of the circuit. The collector of transistor T5 is connected to 
the collector of transistor T8 and to a first end of the resistor Rl, a second end of which being 

15 connected to the collectors of the transistors Tl and T4. The collectors of the transistors T6 
and T7 are connected to an end of the second resistor R2, another end of which being 
connected to the collectors of the transistors T2 and T3. 

The bipolar transistors T9-T16 impl^ent a level shift circuit 8 (Fig. 1), 
constituting second differential foxsph&er. The transistors T9 and T12 are arranged such that 

20 their emitter current is substantially 4 times larger than the anitter current of any one of the 
transistors TIO, Til, T13, T14 and T15. 

The bases of the transistors T9, Til, T13 and T15 are connected to a third 
base connection point 24. The bases of the transistors TIO, T12, T14 and T16 are connected 
to a fourth base connection point 25. The emitters of the transistors T9 and TIO are connected 

25 to a third emitter connection point 26. The emitters of the transistors Tl 1 and T12 are 

connected to a fourth emitter connection pomt 27. The emitters of the transistors T13 and 
T14 are connected to a fifth emitter connection point 28 and the emitters of the transistors 
T15 and T16 are connected to a sixth emitter connection point 29. The collectors of the 
transistors T9 and T12 are coupled to the second emitter connection point 21 and the 

30 collectors of the ttanastors TIO and Tl 1 are coupled to the first emitter connection point 20. 
The collector of transistor T13 is connected to resistor Rl at the end thereof to which the 
collectors of liie transistors T5 and T8 are connected. The collector of transistor T14 is 
connected to resistor R2 at the end thereof to which the transistors T6 and T7 with their 
collectors are connected. 



PHNL021012EPP 



5 15.10.2002 
The collector of transistor T15 is connected to an end of a resistor R3, another 
end of which connects, via the decoupling capacitor 9, to the input terminal I. The collector 
of transistor T16 is connected to an end of a resistor R4, another end of which connects, via 
its associated decoupling capacitor 9, to the input terminal Q. 
5 The bipolar NPN transistors T17-T20 form the level shift circuit 7 of Fig. 1. 

The emitters of the transistors Tl 7-T20 are connected to signal ground, indicated by a short 
horizontal line, and the bases of the transistors T17-T20 are connected to a fiftti base 
connection point 30. The collector of transistor T7 is connected to the fovatb emitter 
connection point 27. The collector of the transistor Tl 8 is connected to the third emitter 

10 connection point 26. The collector of the transistor T19 is connected to the fifth emitter 
connecti on point 28 and the collector of the transistor T20 is connected to the sixth emitter 
connection point 29. The output of the amplitude detection circuit 2 is coupled to the fifth 
base connection point 30. The inyput of the amplitude detection circuit 2 is coupled to the 
input terminals I, Q, via the respective decoupling capacitors 9. 

IS The inputs of the slice level detection circuit 3 connect to the collectors of the 

transistors TIS and T16, respectively, and the outputs of the slice level detection circuit 3 is 
connected to the third 24 and fourth base connection point 25, respectively. 

The outputs of the output circuit 4 is coupled to the first 22 and second base 
connection point 23, respectively. The outputs of the output circuit 4 is coupled to the 

20 resistors Rl and R2, respectively, at the ends thereof which connect to the collectors of the 
transistors T4, T6, T14 and flie collectors of flie transistors T3, T5, T8 and T13, respectively. 

The output signal of the output circuit 4 at the output terminals 1 1 is indicated 
as Vout, as it is shown in Fig. 2. 

As shown in Fig. 2, the amplitude signal Vcon outputted by the amplitude 

25 detection circuit 2, controls the overall currents through the detector circuit via the transistors 
T17-T20, while the slice level signal (in conjunction with its inverse), outputted by the slice 
level detection cucuit 3, adjusts the level shift through the transistors T9-T16. The detected 
signal ou^ut of the ou^ut circmt or limiter 4 causes a final level shift equivalent to the slice 
level offset by the transistors T1-T8. 

30 The current input I of the level shift circuit is coupled to 50Q inqpedance Z. 

The input signal Vin is differmtial with a common mode level which is set by the amplitude 
detection circuit 2. By tius common mode level all parameters relative to the input amplitude 
are set That is, the differential input currents le and If are set such that: 
le = If = (Ia+Ib+Ic+Id)/2 
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wherein: 

la, lb, Ic and Id are the collector currents of transistors T20, T19, T17 and 
T18, respectively. 

If the currents la, lb, Ic and Id are equal, each having a value I, tiiai the 
5 current through the 50Q nnpedances, i.e. resistors in the preferred embodiment, each are 
substanti9%^2^ 



The resistors R1-R4 are chosen to be equal having a value R. The relation 
between the 50Q impedance Z and the value R detemunes the m a x im u m slice level. 

By the 4:1 and 1:4 relation of tiie currents in the second differential amplifiers, 
10 (i.e. the relation of the emitter curcraits and emitter substrate sur&ces) a static o£6et can be 
provided. This will fiarther be explained with refwence to Fig. 3. 

The binary signal T shown in Fig. 3 has two signal level, a high signal level 
(which may represent a logical "1") during a first period and a low signal level (which may 
represent a logical "0") during a second period. Both signal levels are corrupted by noise. In 
15 the example shown, the noise level during the first period is greater than tiie noise level 
during the second period. This is, however, not essential to the present invention. The sUce 
level should be chosen such that a high level is detected during the first period and a low 
level is detected during the second period. As can be seen, the basic or average slice level a is 
set lowCT than the zero signal level b. In addition, the slice level is set lower during the first 
20 period (decision "1" in the present example) and higher in the second period (decision "0" m 
the present example) so as to result in offset slice levels c and d respectively. Minimum and 
maximum values are set for these offet* slice levels. In the example shown in Fig. 3, flie 
TtiitiiTnnm value min coincides with the ofifeet slice level c of the first period, while the 
maximum level m»c exceeds the offeet slice level d of the second period. If the offeet is zero, 

25 the basic slice level a results. 

The detector of the present invention is particularly suitable for use in 

transimpedance amplifiers and limiters in optical links. 

It will be understood by those skilled in the art that the present invention is not 
limited to the embodiments illustrated above and that many modifications and additions may 
30 be made without departmg from the scope of the invention as defined in the appending 
claims. 
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1 . A detector for detecting a differential binary signal having a fiist signal level 
during a £brst period and a second signal level during a second period^ the detector 
comprising: 

- an amplitude detection circuit for producing an amplitude signal indicative of 
5 the amplitude of both the first and the second period of the binary signal, 

- a slice level detection circuit for producing a slice level signal indicative of 
the average slice level to be £^lied to the binary signal, 

- an output circuit for outputting the detected binary signal, 

- an offset circuit for producing a slice level ofGset signal in response to the 
10 outputted binary signal, the slice level signal and the amplitude signal, and 

- a level shift circuit coupled to the output circuit (4) for level shifting the 
binary signal in response to the slice level offset signal, 

wherein said circuits are coupled so as to detect the differential binary signal 
using a first slice level during the first period and using a second slice level during the second 
IS period, and wherein all said circuits are differential circuits. 

2. A detector according to claim 1, wherein the output circuit comprises a limiter 
circuit 

20 3. A detector according to claim 1 or 2, further comprising a first additional level 

shift circuit coupled to the amplitude detection circuit and/or a second additional level shift 
circuit coupled to the slice level detection circuit 

4. A detector according to any of the preceding claims, further comprising a 

25 decoupling circuit for decoupling the biaary signal prior to feeding it to the other circuits. 



S« An offset circuit for use in a detector according to any of the preceding claims, 

the offset circuit comprising: 
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- a first differential amplifier for processing the detected differential binary 

signal, and 

. at least a second differential amplifier for processing the sUce level signal 
and its inverse. 

5 

g: An^ffee^circuit-accordiag4o-date^-er^^^CT^-tfae^^ce-le«el■of& et sign a l 

is limited to a maximum and a minimum value. 
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ABSTRACT: 



1 7, 10. 2002 



A detector (1) for detecting a differential binary signal, having a first signal 



level during a first period and a second signal level during a second period, the detector (1) 
comprises an offset circuit (5) for producing a slice level offset signal in response to the 
detected binary signal, an amplitude signal and a slice level signal. The differential binary 
5 signal is using a first slice level during the first period and using a second sUce level during 
the second period. 



Fig.l 
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